To compare the effectiveness and complications of intravenous ibuprofen versus indomethacin treatment of patent ductus arteriosus in preterm infants.
Introduction
Patent ductus arteriosus (PDA) is a common problem in preterm infants. Its occurrence is associated with prematurity and respiratory distress syndrome (RDS). 1, 2 A persistent left to right shunt in preterm neonates may be associated with neonatal morbidities, including bronchopulmonary dysplasia (BPD), intraventricular haemorrhage (IVH), and necrotising enterocolitis (NEC). 3 Pharmacological closure of PDAs with indomethacin was first described in 1970s. 4 New knowledge added by this study • Ibuprofen was shown to be as effective as indomethacin for the medical closure of patent ductus arteriosus in premature infants in clinical practice in Hong Kong.
• Ibuprofen may not have fewer adverse effects than indomethacin, as it was associated with higher rates of intestinal complications and similar effects on renal function. Implications for clinical practice or policy • Close monitoring for adverse effects is recommended in infants with patent ductus arteriosus treated with either indomethacin or ibuprofen.
Reported complications associated with the use of indomethacin included renal impairment, 5 NEC, spontaneous intestinal perforation, 6 and impaired cerebral blood flow. 7 Ibuprofen, another cyclooxygenase inhibitor, has been investigated as an alternative to indomethacin for the same purpose. Published randomised controlled trials reported that ibuprofen was as efficacious as indomethacin for PDA closure, and some studies claimed that it had fewer adverse effects and gave rise to less renal impairment than indomethacin. [8] [9] [10] [11] ORIGINAL ARTICLE and 14 (33%) in the ibuprofen group; for ibuprofen this yielded a relative risk of 1.06 (95% confidence interval, 0.66-1.67; P=0.852). The proportion of infants having surgical ligation was also similar. A higher rate of intestinal complications (necrotising enterocolitis or spontaneous intestinal perforation) was encountered in our ibuprofen group (P=0.043). No significant difference was observed in other secondary outcomes determined.
Conclusion:
In our clinical practice, ibuprofen and indomethacin were shown to be equally effective for medical closure of patent ductus arteriosus in premature infants. With the higher rates of intestinal complications and similar effects on renal function in the ibuprofen group, we conclude that ibuprofen may not have fewer adverse effects than indomethacin. 
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Ibuprofen與 indomethacin於治療早產兒動脈導 管未閉的有效性和併發症的比較
The use of ibuprofen for closure of PDA has been increasing in clinical practice worldwide. In Hong Kong, indomethacin has been replaced by ibuprofen since 2010 due to interruption of the supply of indomethacin from the pharmaceutical company. Local data on its effectiveness and safety in clinical practice are very limited. A study comparing the use of ibuprofen versus indomethacin for this purpose could provide valuable data for clinicians regarding their use in clinical practice. At our unit, intravenous indomethacin had been used for treatment of PDA in preterm infants until April 2010. After that date, ibuprofen was used due to cessation of the supply of indomethacin from the pharmaceutical company supplying our hospital. We therefore set out to compare the two infant cohorts for treatment effectiveness and complications when used in our local setting.
Methods
Patients and study design
This retrospective study was conducted in the neonatal intensive care unit (NICU) of Queen Elizabeth Hospital, a tertiary referral centre in Hong Kong with a level III neonatal intensive care service. The subjects in this study were all preterm infants admitted to the unit with their date of birth from 1 January 2008 to 31 December 2011 inclusive, and who had received at least one course of medical treatment for closure of a PDA with either indomethacin or ibuprofen. Due to the total switch from indomethacin to ibuprofen in clinical practice for this purpose in April 2010, we had information on two groups of infants-the indomethacin cohort (date of birth from 1 January 2008 to April 2010) and the ibuprofen cohort (date of birth from l April 2010 to 31 December 2011).
Preterm infants were defined as those who were born with less than 37 weeks of gestation. In our unit, preterm infants with clinical features suggestive of PDA, namely heart murmur, hypotension, hyperactive precordium, and increased ventilator settings were assessed by paediatric cardiologists. The diagnosis was then confirmed by echocardiography. Infants with a haemodynamically significant PDA were evaluated for medical closure with indomethacin/ibuprofen. Corresponding infants with features of heart failure, hypotension or who were ventilator-dependent were considered to have a haemodynamically significant PDA. Baseline assessments of these patients included platelet count, serum creatinine and electrolytes levels, urine output, and cranial ultrasound. Common contra-indications for the receipt of indomethacin/ ibuprofen included thrombocytopenia, bleeding tendency, progressing IVH, NEC, and impaired renal function. Indomethacin was given at 0.1 mg/kg intravenously at 24-hour intervals for six doses or 0.2 mg/kg intravenously every 24 hours for three doses. Ibuprofen was given at 10 mg/kg, 5 mg/kg, and 5 mg/kg intravenously every 24 hours for a total of three doses. During the treatment courses, the infants were monitored for potential drug sideeffects. Enteral feeding was withheld during the treatment course. Ductal closure was defined as persistent disappearance of the heart murmur; some of whom also had echocardiographic confirmation. Infants who failed the first course of medical treatment were re-evaluated and received a second course. Infants who failed two courses of medical treatment were considered for surgical ligation of the PDA in another tertiary referral centre in Hong Kong. Apart from the switch from indomethacin to ibuprofen in April 2010, the clinical practice for PDA management remained unchanged.
Data collection
Eligible infants were identified by the Clinical Data Analysis and Reporting System, and their medical records were retrieved for data extraction. The neonatal demographic variables and baseline characteristics of both groups were collected and compared. The effectiveness of the drugs was primarily measured by (1) the failure rate of PDA closure after medical treatment, and (2) rate of recourse to surgical ligation. Secondary outcomes included all-cause mortality before discharge, BPD, adverse effects on renal function, gastro-intestinal complications (NEC and spontaneous intestinal perforation), and IVH. Occurrence of BPD was defined as (1) the use of supplement oxygen at 28 days of life or (2) the use of supplement oxygen at 36 weeks' postmenstrual age. Adverse effects on renal function were inferred by the magnitude of any serum creatinine and/or urine output change. Necrotising enterocolitis was diagnosed and classified according to modified Bell's staging. 12 Intraventricular haemorrhage was classified according to the standard grading system.
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Statistical analyses
The two groups of infants receiving indomethacin or ibuprofen were compared using independent sample t tests for continuous normally distributed data, while the Wilcoxon rank-sum test was used for continuous non-normal data. Chi squared and Fisher's exact tests were used as appropriate for categorical variables. The relative risks (RRs) of the outcome measures between the two groups were determined. The extent of change in urine output and serum creatinine level during the treatment course (within-subject effect) and the difference in change between the two groups (betweensubject effect) were analysed by repeated measures analysis of variance. Potential confounding factors for medical closure of the PDA, 8 including gender, gestational age, RDS grading, PDA ductal diameter, and day of starting treatment were evaluated by logistic regression. Significant factors were then entered into a multivariate logistic regression model to determine adjusted odds ratios. In all the analyses, a P value of less than 0.05 was considered significant. The statistical analysis was performed using the Statistical Package for the Social Sciences (Windows version 16.0; SPSS Inc, Chicago [IL], US). The sample size estimation was based on the primary outcome measure: the difference in proportion of infants with medical closure between the two groups. The sample size calculation for a moderate effect size of 0.3, power of 80%, and an alpha of 0.05 indicated that around 40 subjects were needed in each group. This study was approved by the Research Ethics Committee, Kowloon Central Cluster, Hospital Authority.
Results
Baseline characteristics
In all, 96 infants had medical treatment for closure of a PDA during the study period; 52 (55%) received indomethacin only and 43 (45%) received ibuprofen only. One infant, who received both indomethacin and ibuprofen during the transitional period, was excluded. There were no significant differences in the demographic variables and baseline characteristics of the two groups (Table 1) , except for a higher proportion with severe IVH (grades 3 and 4) in the indomethacin group (P=0.01). There was no significant difference between these groups with respect to the number of infants receiving one or two courses of treatment (Table 1) .
Primary outcomes
Regarding the effectiveness of treatment, 20 (38%) of the infants in the indomethacin group and 18 (42%) in the ibuprofen group failed medical treatment after the first course; the RR of failure for the latter compared to indomethacin was 1.09, the 95% confidence interval (CI) being 0.69 to 1.69 (Table 2) . Considering all courses of treatment with indomethacin or ibuprofen, 16 (31%) in the former group and 14 (33%) in the latter group failed medical treatment. Eleven (21%) infants in the indomethacin group and seven (16%) in the ibuprofen group underwent surgical ligation of the PDA. For the primary outcome measure, both groups were very comparable.
Factors with a potential to affect medical closure of PDA were evaluated. Among them, gestational age, RDS, and age at the start of medical treatment were shown to be significantly related to the rate of surgical ligation of PDA, with borderline significance for age at start of treatment in the univariate analysis (Table 3 ). When the abovementioned significant factors were used in the multivariate analysis model, there was no significant difference between the two groups in terms of the rate of surgical ligation (adjusted odds ratio=0.94; 95% CI, 0.27-3.26; P=0.923).
Secondary outcomes
Mortality
Within the study cohort, two (4%) infants in the indomethacin group and five (12%) in the ibuprofen group died before being discharged, but this yielded no statistically significant difference in all-cause mortality.
Respiratory outcomes
The rates of BPD were also similar in both groups (P=0.615 for use of supplement oxygen at 28 days and P=0.560 at 36 weeks' postmenstrual age). The mean duration of invasive ventilation for the indomethacin group, however, was significantly longer than that for ibuprofen group (mean ± standard deviation, 35 ± 35 vs 20 ± 25 days; P=0.045), while the mean duration of oxygen dependency was similar (P=0.694; Table 4 ).
Gastro-intestinal effects
Although not statistically significant, there was a higher rate of spontaneous intestinal perforation in the ibuprofen group (5% vs 0%, P=0.202), a higher rate of NEC (23% vs 12%, P=0.129), and NEC stage 2 or above (7% vs 2%, P=0.325) in the ibuprofen group (Table 4) . On the other hand, on considering infants with NEC or spontaneous intestinal perforation together, there was a significantly higher rate in the ibuprofen than indomethacin group (P=0.043), and the same was true for gastro-intestinal bleeding (P=0.024).
Renal effects
Mean baseline serum creatinine concentrations and urine outputs were similar in the two groups (Table 1) . Renal function related to the first course of treatment with indomethacin or ibuprofen was 
Intraventricular haemorrhage
A larger proportion of infants in the indomethacin group had severe IVH at baseline. However, in both groups the rates of progression of IVH after treatment were similar (P=0.644).
Discussion
Our study compared the effectiveness and sideeffects of intravenous indomethacin versus ibuprofen in treating PDA in preterm infants in two cohorts of Hong Kong patients. Our results demonstrate no significant difference in baseline characteristics between the two groups, thus justifying comparison of the cohorts. The two drugs appear to have similar effectiveness as measured by the rate of medical closure and surgical ligation rate of PDAs; such finding was also consistent with previous randomised controlled trials [8] [9] [10] [11] and cohort studies. 14, 15 Even after potential confounding factors (discussed in the previous literature 8 ) were controlled, the effectiveness of the two drugs did not differ significantly.
A higher all-cause mortality rate was observed in the ibuprofen group, although this did not reach statistical significance. The mortality case analysis was limited by the small number of deaths in each group; the power calculated was only 25%. Similar findings were reported by Katakam et al. 15 When considering the individual cases, we observed that two infants in the ibuprofen group might have died of drug-related complications, namely spontaneous intestinal perforation and acute renal failure. Although one should not be biased by individual cases, these deaths illustrate the potential for fatal complications related to this drug.
We found no significant difference in the risk of BPD in the two groups; such result was consistent with that of a recent Cochrane review. 16 By contrast another review by Jones et al 17 concluded that intravenous ibuprofen may be associated with an increased risk of BPD when compared with intravenous indomethacin. These inconsistencies may be related to the definitions of BPD that were used. Our study considered BPD using the two most commonly used definitions (supplement oxygen use at 28 days and at 36 weeks' postmenstrual age, separately). Notably, similar rates of BPD were observed in the two groups for both definitions. By contrast, the duration of invasive ventilation was significantly longer in the indomethacin group. In this respect, a possible explanation and limitation of our study was that there may have been a gradual change in ventilation strategy over time, with a trend towards non-invasive ventilation. Regarding evaluation of possible gastrointestinal complications, two conditions (NEC and spontaneous intestinal perforation) have been described. Both are believed to be associated with impaired mesenteric blood flow due to a PDA as well as the use of cyclo-oxygenase inhibitors, though some recent studies have reported on the difference in clinical presentations and histological findings between these two entities. 19, 20 We observed a statistically higher rate of intestinal complications (NEC or spontaneous intestinal perforation) in the ibuprofen group (P=0.043). In contrast, the latest Cochrane review 16 reported less NEC in the ibuprofen group (RR=0.68; 95% CI, 0.47-0.99). The management practice of preterm infants in our unit, including the feeding regimen, remained unchanged during the study period. Thus, this particular inconsistency could not be attributed to any known factors. Kushnir and Pinheiro 14 studied 350 infants and also reported a higher rate of NEC in ibuprofen than indomethacin users (8% vs 4%; P=0.08). Rao et al 19 studied 102 infants with PDA treated with ibuprofen, and reported a 9% rate of spontaneous intestinal perforation and 6% rate of NEC; such figures were comparable to those in our ibuprofen cohort. These findings suggest that compared with preterm infants treated with indomethacin, intestinal complications appear to be more common in those receiving ibuprofen.
We found that indomethacin and ibuprofen had a similar effect on renal function, though previous literature 8, 9, [15] [16] [17] indicated that ibuprofen had less effect on renal blood flow and renal function. This inconsistency could be related to differences in how measurement of renal function was carried out. We evaluated the change in serum creatinine and urine output during the course of treatment. The change in these parameters, rather than the absolute values, might be better parameters to assess due to variations in serum creatinine with gestational age and the age of the infants. 21 Another problem was the timing of measurements. Akima et al 22 evaluated the renal effects of indomethacin and reported a significant increase in serum creatinine level on day 2 and day 7 of treatment when compared with the controls. Due to differences in the duration of treatment courses with the two drugs, the best time to carry out comparisons remains unclear. Moreover, as observed in one of our infants given ibuprofen who also developed acute renal failure 2 days after the completion of second course, there could be delayed and cumulative effects on renal function with repeat treatment courses. This was also shown by Kushnir and Pinheiro, 14 whereby indomethacin had a more prominent effect on renal function during the first course while both drugs led to equal adversity at the second and third courses. However, the retrospective design of our study was a limitation as some data (especially on day 4 and later) in the ibuprofen group were influenced by the course lasting only 3 days, whilst data on the repeat courses of treatment were less complete. Hence, our study evaluated the first 4 days of the first course of treatment, and evaluation of repeat courses was excluded. With regard to the significant renal effects of ibuprofen and indomethacin noted in our study, we recommend close monitoring of renal function when either drug is used. Special cautions may be necessary for repeat courses of treatment.
Till now, published studies on the efficacy and safety of ibuprofen versus indomethacin were mainly randomised trials. The subjects in randomised trials were selected using inclusion and exclusion criteria that may be less representative of the whole spectrum of infants in clinical practice. For instance, randomised trials by Van Overmeire et al 8 and Lago et al 9 only studied infants with PDA treatment given in the first 2 to 4 days of life and RDS was an inclusion criterion. Our study included all infants that were treated within the study period, maximising the representativeness of the sample. Being a retrospective study to investigate the effectiveness and complications related to drug therapy in a clinical setting, the allocation of treatment was not randomised or blinded. However, selection bias was minimised as the drug treatment each infant received was only determined by the month and year they were admitted to the neonatal unit. On the other hand, being a study from two contiguous time periods, there may have been minor modifications of clinical practice despite that both infant cohorts being managed by the same group of clinicians and there being no change in departmental guidelines for management of PDAs.
Our study shared the limitations of most previous studies. Our sample size estimation was based on the primary outcome (the rate of successful medical closure). As the sample size was limited by the number of eligible infants within the study period, the effect size adopted in the sample size estimation was 0.3, which was moderate compared to other similar studies. Moreover, with respect to adverse outcome evaluation, infant numbers with positive findings were small, which affected the precision of our analyses. Another limitation was that two regimens of the indomethacin were used in our hospital: 0.1 mg/kg/dose every 24 hours for six doses (prolonged course) and 0.2 mg/kg/dose every 24 hours for three doses (short course). Fortunately, this heterogeneity within the group was small, as the majority of infants received the prolonged course (46 out of 52). Moreover, previous studies comparing these two regimens showed that their efficacy did not differ significantly. 23, 24 As for the generalisability of our study, variations in management of symptomatic PDA do exist between centres, 25, 26 and there is no consensus approach. Our practice, for trial of a second course of indomethacin or ibuprofen before considering surgical ligation, entailed intense monitoring for adverse effects, which was consistent with common practice. 23 Thus, our study could provide useful information for other NICUs to consider for the management of PDA in preterm infants.
Conclusion
In clinical practice, intravenous ibuprofen is as effective as indomethacin for the medical closure of PDAs in premature infants. However, owing to the higher rates of intestinal complications after ibuprofen therapy, we conclude that it may not have fewer adverse effects than indomethacin. Neonatologists are therefore advised to cautiously monitor for possible side-effects in preterm infants receiving either indomethacin or ibuprofen for the treatment of PDAs.
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